INTRODUCTION
Ammonium nitrogen (NH 4 + -N) in aquatic environments is becoming an increasing concern for environmental protection bodies and the general public. Free ammonia is toxic to fish and NH 4 + -N can be used by microorganisms leading to the depletion of dissolved oxygen (DO) in receiving waters. Nitrogenas a nutrient for aquatic plants -may contribute to eutrophication, leading to algal blooms and deterioration of water quality in lakes. Attached and suspended growth systems such as continuously moving biofilm reactors (Rodgers and Burke, 2002) , sequencing batch biofilm reactors (SBBRs) (Rodgers et al., 2004) , trickling filters (Kuai et al., 1999) and activated sludge systems (Gao et al., 2004) have shown good potential for biological nitrogen removal. Rodgers and Burke (2002) used a continuously moving biofilm reactor for the treatment of high strength wastewater. The system comprised six reactors in series: one anaerobic, one anoxic and four aerobic reactors. In the anaerobic and anoxic reactors, plastic modules of specific surface area 240 m 2 m -3 moved up and down but were always submerged in the wastewater, whereas, in the aerobic reactors, the plastic modules moved vertically up and down, in and out of the wastewater. The aim of this study was to examine the performance of a vertically moving biofilm system (VMBS) in the treatment of domestic-strength synthetic wastewater under increased NH 4 + -N loading rates.
MATERIALS AND METHODS
The VMBS unit used in this study, based on a design after Rodgers (1999) and located within a temperature-controlled room at 10 o C to simulate yearly average Irish water temperatures, comprised a bulk fluid reactor, a biofilm plastic module, a synthetic wastewater feed tank, a peristaltic pump and pneumatic devices with pneumatic controls (Figure 1 ). The biofilm plastic module was moved vertically in and out of the bulk fluid in continuous cycles and the reactor tank was constantly loaded with synthetic wastewater.
[ Figure deep, was moved vertically in and out of the wastewater in cycles, using a pneumatic piston, limit switches and timers. The specific surface area of the media was 410 m 2 m -3 , giving a module area of 6.24 m 2 . The module was supported in a stainless steel frame that was connected to the pneumatic piston. The piston was powered by a compressed air system and travelled a vertical distance of 0.4 m. The dipping cycle of the module was: 5 seconds in the air, 2 seconds travelling down, 4 seconds in the water and 3 seconds travelling up. As a result, the module had an overall motion of 4.3 cycles per minute.
The study had 3 phases, in which the synthetic wastewater constituents of Phases 2 and 3 were double those of Phases 1 and 2, respectively ( when COD effluent concentration showed little variation with respect to time. The total study duration (including seeding time) was 257 days. The synthetic feed, with constituents tabulated in Table 1 , was made up each day in the laboratory to provide the substrate for the biofilm microorganisms. The contents of the feed tank were continuously mixed with two small circulating pumps. The feed, along with dilution tap water, was pumped into the reactor at a combined rate of 144 L d -1 using peristaltic pumps. The average nutrient concentrations entering the reactor for each study phase are tabulated in Table 2 .
During the three phases of the study, the NH 4 + -N loading rate was increased from 0. 
Phase 3
During Phase 3, the performance of the system continued to improve; increased COD removal and NH 4 + -N conversion rates were measured during this phase ( 
